Context: Stretching exercises are commonly prescribed for patients and healthy individuals with limited extensibility of the gastrocnemius muscle. Objective: To determine effects of gastrocnemius stretching on ankle dorsiflexion, knee extension, and gastrocnemius muscle activity during gait. Design: Randomized-control trial. Setting: Biomechanical laboratory. Participants: Sixteen volunteers (9 men and 7 women, mean age = 27 y) with less than 5° of passive ankle-dorsiflexion range of motion randomly assigned to an experimental or control group. Intervention: The experimental group performed gastrocnemius stretching for 3 wk. Main Outcome Measures: Maximum ankle dorsiflexion, maximum knee extension, and EMG amplitude of the gastrocnemius muscles were measured between heel strike and heel-off before and after intervention. Results: No significant effect of group or time was found on maximum ankle dorsiflexion, maximum knee extension, or EMG activity of the medial or lateral gastrocnemius muscles between heel strike and heel-off. The experimental group had significantly greater passive ankle-dorsiflexion range of motion bilaterally at posttest than the control group. Conclusions: Stretching did not alter joint angles or gastrocnemius muscle activity in the early to midstance phase of gait.
showed that limited gastrocnemius extensibility predicted development of medial tibial stress syndrome among female athletes.
During the midstance phase of gait, the ankle joint normally dorsiflexes 8° to 10° beyond neutral. [11] [12] [13] The gastrocnemius muscle crosses the posterior aspects of both the knee and ankle joints, so its extensibility can influence the amount of ankle dorsiflexion when the knee is in extension. 1, 2 Clinically, gastrocnemius muscle extensibility is usually assessed with goniometric measurements of passive ankle range of motion with the knee positioned in extension. 12 Movement into ankle dorsiflexion between foot-flat and midstance occurs passively (via momentum as the center of gravity moves anteriorly) rather than by activation of the ankle-dorsiflexor muscles. 12 The plantar flexors control the anterior motion of the tibia as the ankle dorsiflexes before heel-off. Many factors can influence the amount of muscle activity of the plantar flexors during gait. Joint angles at both the knee and the ankle affect length of the gastrocnemius muscle and therefore muscle activity. 12 When limited gastrocnemius extensibility limits the amount of ankle dorsiflexion during the midstance phase of gait, compensatory movements may occur. Previous investigators have shown that subjects with limited ankle dorsiflexion have reduced time to heel-off (or early heel rise) compared with subjects with normal dorsiflexion. 3 Subtalar joint pronation before heel-off may also compensate for limited dorsiflexion at the talocrural joint. In weight bearing, dorsiflexion can occur at the subtalar and midtarsal joints when the subtalar joint is pronated. 1, 12, 14 Gastrocnemius-stretching exercises to increase dorsiflexion at the talocrural joint may help prevent or treat overuse injuries associated with limited gastrocnemius extensibility by restoring dorsiflexion at the talocrural joint during gait and reducing compensatory movements during gait.
Research demonstrates that gastrocnemius-stretching exercises increase passive ankle-dorsiflexion range of motion. [15] [16] [17] Some investigators have also studied the mechanisms by which gastrocnemius stretching increases ankle dorsiflexion. During passive movement of subjects into ankle dorsiflexion (with the knee joint maintained in extension), previous investigators have documented increased length of the gastrocnemius aponeurosis, 18 Achilles tendon, [18] [19] [20] and gastrocnemius muscle belly. 19, 20 Investigators have also documented increased electromyographic (EMG) activity of the gastrocnemius muscle at the end of passive ankle dorsiflexion. 19, 20 These studies investigating changes in gastrocnemius muscletendon length and EMG activity during passive ankle-dorsiflexion movements were all conducted in non-weight-bearing, with passive force slowly applied to avoid muscle activity evoked by higher velocity movements. During gait, however, ankle dorsiflexion before heel-off is controlled by both active and passive components of the gastrocnemius muscles. 12 Gastrocnemius stretching has also been shown to improve ankle dorsiflexion and pain in patients with plantar fasciitis 5 and may increase passive dorsiflexion by increasing tolerance to stretch. [21] [22] [23] However, overall, there is scarce research to document the effectiveness of gastrocnemius stretching on the treatment of overuse injuries or the effects of stretching on gait parameters. Specifically, the effects of gastrocnemius stretching on ankle and knee joint angles and gastrocne-mius muscle activity during gait are largely unknown. Our previous study showed no change in maximum ankle dorsiflexion after stretching in subjects with limited gastrocnemius extensibility. 15 However, we did not measure the knee joint angle, which may have influenced dorsiflexion at the ankle joint, as well as gastrocnemius muscle activity.
The effects of a gastrocnemius-stretching program on kinematics and kinetics during gait could provide information regarding the mechanism by which stretching may prevent or treat overuse injuries. The purpose of this study was to examine the effects of a stretching program on ankle dorsiflexion, knee extension, and gastrocnemius muscle activity during gait in subjects with limited dorsiflexion range of motion.
Methods

Design
This study used a randomized-control trial design. Passive ankle-dorsiflexion range of motion, maximum ankle dorsiflexion, maximum knee extension, and normalized average EMG amplitude of the medial and lateral heads of the gastrocnemius muscle between heel strike and heel-off were measured before and after a 3-week gastrocnemius-stretching program. The subjects were randomly assigned to an experimental group (n = 8) or a control group (n = 8) using a random-number table.
Participants
Convenience sampling was used to recruit 9 men and 7 women (mean age = 27.4 years, SD = 8.2 years). The study was approved by the institutional review board of Emory University and conducted in accordance with the spirit of the Helsinki declaration. Eligibility criteria included age 18 to 55 years, less than 5° of passive ankle-dorsiflexion range of motion bilaterally (measured in non-weight-bearing with the knee extended and the subtalar joint in anatomical 0°), passive ankledorsiflexion range of motion greater with knee flexed than with knee extended bilaterally, 5 subtalar-joint-eversion passive range of motion of anatomical 0° or more bilaterally, passive knee-extension range of motion to at least 5° from 0° bilaterally, ability to perform a squat with the knees flexed to approximately 90° without assistance from the upper extremities, no history of neurological dysfunction or systemic disease affecting the lower extremities, no history of macrotrauma involving bony structure to the lower extremities, no soft-tissue injuries to the lower extremities within the past 6 months, no pain while walking barefoot, not currently taking medications that cause dizziness or drowsiness, and leglength discrepancy no more than 2 cm. Passive ankle-dorsiflexion range of motion measured in non-weight-bearing of less than 5° was chosen as an eligibility criterion because most of the normative data on ankle dorsiflexion have been reported using a non-weight-bearing position, and less than 5° is below that reported as normal. 24, 25 See Table 1 for subject characteristics.
Instrumentation
All goniometric measurements were taken using a standard 8-in goniometer (Benchmark Medical, Inc, Malvern, PA, USA), and leg length was measured with a tape measure. 26 Three measurements were taken bilaterally, and the average of these was recorded.
Muscle activity of the medial and lateral heads of the gastrocnemius muscle was recorded during ambulation using pairs of silver-silver chloride surface electrodes (10 mm) with a sampling rate of 1000 Hz using a telemetry-based transmitter-receiver system (Koningsberg Instruments). A 3-camera Qualisys motion-tracking system 27 synchronized with EMG records was used to identify heel strike and heel-off and to measure maximum ankle dorsiflexion and maximum knee extension during gait. The camera frequency was 100 Hz. An analog signal pulse operated manually by one of the investigators was used to temporarily link the Qualisys motion-tracking data and the EMG recordings. When the pulse was activated it sent out a signal that was collected and stored on a separate channel on the EMG recordings. The pulse was also connected to a light box adjacent to the walkway. When the pulse was activated, a light was activated and was recorded by the Qualisys tracking system.
Procedures
On arrival, subjects were screened for eligibility criteria as described in the Participants section. Subtalar-joint-eversion passive range of motion was measured with participants positioned in prone, the knee extended, and the foot off the edge of the plinth. 28 An investigator marked the midlines of the calf and calcaneus bilaterally and positioned the arms of the goniometer over these midlines. The axis of the goniometer was positioned approximately 2 cm above the insertion of the Achilles tendon. The investigator passively moved the subtalar joint into eversion to the end of range. Non-weight-bearing passive ankle-dorsiflexion range of motion with the knee extended was measured with participants in prone and the foot off the end of the plinth. 15 The contralateral lower extremity was placed in a figure-4 position to place the hip of the lower extremity being measured in approximate neutral rotation. One of the investigators ensured that anatomical 0° was maintained at the subtalar joint with a goniometer. Another investigator placed the axis of another goniometer over the lateral calcaneus, aligned the stationary arm with the fibular head, and aligned the moving arm over the fifth metatarsal. This second investigator then applied passive force through the plantar aspect of the midfoot and forefoot until firm resistance to further movement was encountered. Non-weightbearing passive dorsiflexion range of motion with the knee flexed was measured in the same manner as that described for ankle dorsiflexion with the knee extended, except the knee was flexed to approximately 90°.
Knee-extension passive range of motion was measured with participants positioned in supine, the knee extended, and a bolster placed under the ankles. The arms of the goniometer were aligned with the greater trochanter and the lateral malleolus. 25 Leg length was determined with participants positioned in supine by measuring the distance in centimeters from the anterior superior iliac spine to the ipsilateral lateral malleolus with a tape measure. 26 Intrarater reliability was assessed by taking 3 measurements of the passive goniometric and leg-length measurements. A second investigator also took all passive goniometric and leg-length measurements on every fourth subject to assess interrater reliability.
If subjects were deemed eligible for the study after the screening measurements, they were asked to perform a heel raise to elicit contraction of the triceps surae to better define the medial gastrocnemius (MG) and lateral gastrocnemius (LG) of the randomly selected lower extremity. Two EMG electrodes were then placed over the center of the muscle bellies of the MG and LG, and 1 ground electrode was placed on the tibial crest. The interelectrode distance of each pair of electrodes was 20 mm to minimize cross talk, and their alignment was oriented in the direction of the muscle fibers. Electrode placements for the MG and LG were approximately 2 cm medial to midline and 2 cm lateral to midline, respectively. 29 Electrode placements were verified by asking the subject to perform contractions of the plantar flexors to assess signal quality. The EMG transmitter was placed in a waist pack and secured around the subject's waist. Any loose wires were secured using nonreflective tape to minimize any unnecessary movement or pulling of the wires that could impede the subject's normal gait pattern and speed. Electrode locations over the MG and LG were measured relative to the inferior pole of the patella to ensure duplication of electrode placement at posttest. Reflective markers were then placed on the subject over the dorsal aspect of the great toe, lateral aspect of the fifth metatarsal, lateral calcaneus, lateral malleolus, fibular head, femoral lateral epicondyle, and greater trochanter. The subject was asked to walk around the room to verify that nothing was impeding normal gait.
The Qualisys motion-analysis system was calibrated using the PCReflex wand calibration procedure. 27 The subjects ambulated in bare feet across an elevated walkway at a self-selected speed. Eight trials were recorded, and the first 4 with acceptable EMG and PCReflex recordings were averaged and used for data analysis. Acceptable EMG and PCReflex trials were defined as having clear MG and LG signals with no visible signs of electrical or movement artifact and all 7 markers recorded by all 3 cameras from 10 frames before heel strike to 10 frames after toe-off. All walking trials were recorded with an EMG sampling rate of 1000 Hz and a camera frequency of 100 Hz.
To record a standardized voluntary isometric contraction of the gastrocnemius, each subject was asked to perform a unilateral heel raise of the randomly selected lower extremity. First, the investigator demonstrated the heel raise and then instructed the participant to stand on the walkway facing a wall, raise the contralateral foot off the floor, and assume a unilateral stance on the randomly selected lower extremity. The subject was then instructed to raise the heel of the randomly selected lower extremity as high as possible and hold the position for 6 seconds. This heel raise was repeated twice, and the peaks of the two 6-second recordings of gastrocnemius activity were averaged and used in the normalization process. Test-retest reliability of MG and LG EMG activity during the heel raise at pretest and posttest was assessed.
Marker paths were tracked in PCReflex software (version 1.2b, Qualisys), and any missing data in the marker paths were interpolated by the software. Graphic representation of the raw data for all marker paths and any interpolated data were inspected carefully for artifacts and improper interpolation of data. Heel strike was defined as the first frame in which the lateral calcaneus marker ceased to move forward, and heel-off was defined as the first frame in which the marker on the lateral calcaneus began to move upward. 27 These 2 frames were used to define the period of time between heel strike and heel-off. A second investigator identified heel strike and heel-off on every fourth subject to assess interrater reliability. Toe-off was defined as the first frame in which the marker on the great toe began to move forward at the end of the stance phase of gait. Custom software in Labview (National Instruments Corp, Austin, TX, USA) was used to smooth the marker paths (retaining 97% of the signal energy) and plot marker displacements in the sagittal plane from the smoothed coordinate data. Custom software in Matlab (The Mathworks, Natick, MA, USA) was used to plot the angle and knee joint angles and calculate maximum ankle dorsiflexion and maximum knee extension. Markers on the fibular head, lateral calcaneus, and fifth metatarsal were used to calculate maximum ankle dorsiflexion, and markers on the lateral malleolus, femoral lateral epicondyle, and greater trochanter were used to calculate maximum knee extension.
The appearance of the trigger had to be synchronized between data for motion analysis and EMG. This was done by converting the frame number at which the trigger first appeared from motion-analysis data and the time at which the trigger first appeared from EMG data into milliseconds. Custom software in Labview was used to determine the time the trigger appeared in the EMG recordings. This allowed for calculation of the time at heel strike and the time at heel-off for the EMG data to ensure that the EMG data that were analyzed reflected the activity between heel strike and heel-off.
All EMG data were processed using custom wavelet-analysis software developed in Labview to remove motion artifact and high-frequency noise. EMG data were subsequently rectified. Custom software in Matlab was then used to normalize the amplitude of the EMG signals to the averaged peak of the 2 standardized voluntary isometric contractions for the entire time between heel strike and heeloff. EMG amplitude was expressed as a percentage of the standardized voluntary isometric muscle contraction.
Intervention
Subjects randomly assigned to the experimental group were taught a standard standing gastrocnemius stretch and given written and pictorial instructions for the stretch, as well as a log sheet to record the completion of the stretching sessions. The verbal and written instructions directed the patient to stand in bare feet with feet shoulder width apart facing a wall with the leg to be stretched behind the other leg so that the hip and knee of the leg to be stretched were extended and the contralateral leg was in front with the hip and knee in flexion. Once in this position, the subjects were told to lean forward over the front leg as if they were pushing into the wall with their arms extended in front of them while keeping the heels of both feet flat on the floor until a stretching sensation was felt over the posterior calf. Emphasis was placed on educating the patients to keep both the knee and toes pointing straight toward the wall and to avoid rolling the ankle to the outside or inside. The stretch was held for 30 seconds followed by a 10-second rest period and repeated bilaterally 5 times, 2 times daily for 3 weeks.
Subjects in the control group were asked not to begin any new physical activity or stretching programs involving the lower extremities for the next 3 weeks. Subjects in the experimental group were asked not to begin any new physical activity except for the gastrocnemius-stretching program involving the lower extremities for the next 3 weeks. Subjects in both groups then made appointments to return in 3 weeks.
Outcome Measures
During the second session, experimental subjects submitted their log sheets. If they had been compliant they were eligible to continue with the study. Noncompliance was defined as missing more than 2 consecutive days or a total of 12 or more sessions of the stretching exercise. The definition of noncompliance was based on a previous study that showed no difference in percentage increase in ankle dorsiflexion for subjects completing at least 36 of 42 gastrocnemius-stretching sessions over a 3-week period and those completing at least 24 of the 42 stretching sessions over the same time period. 15 Measurements of passive ankledorsiflexion range of motion with the knee extended and flexed to 90° were recorded. The walking trials were repeated as described previously.
Statistical Analyses
Descriptive statistics (mean, SDs, and minimum and maximum values) were calculated for the subjects, including age, weight, and height. Descriptive statistics (mean and SD) were calculated for subjects' passive range of motion (passive ankle-dorsiflexion range of motion with the knee extended and with the knee flexed to 90° and passive knee extension), maximum ankle dorsiflexion, and maximum knee extension during the stance phase of gait. Gender was calculated in frequencies and percentages of sample size. Independent t tests were used to assess baseline differences in subject characteristics between groups for age, height, weight, and passive ankle-dorsiflexion range of motion (with the knee extended). Chi-square analysis was used to assess differences between groups for gender.
Intraclass correlation coefficients (ICCs) were used to calculate the intrarater reliability for range-of-motion measurements and leg-length measurements and the interrater reliability for range-of-motion measurements, leg-length measurements, and time to heel-off. 30 ICCs were also used to calculate the test-retest reliability of peak MG and LG EMG activity during the 2 heel raises at pretest and posttest.
Normality of distribution and heterogeneity of variance of passive ankle dorsiflexion, maximum ankle dorsiflexion, and knee extension during gait and MG and LG EMG amplitude were assessed using a Shapiro-Wilk test and Levene test, respectively. Nonnormal data (EMG amplitude) were log transformed, and normality of distribution was established using Shapiro-Wilk tests. Log transformation can be used to normalize skewed data before analysis with parametric tests. 31 Two-way analysis of variance (ANOVA) was used to analyze the effects of time and group on logged normalized mean MG and LG EMG amplitude between heel strike and heel-off. Two-way ANOVA was used to analyze the effects of group and time on maximum ankle dorsiflexion and maximum knee extension during stance. A 3-way ANOVA was used to analyze the effects of time, group, and side on passive ankle-dorsiflexion range of motion. Post hoc analysis using independent t tests was used when the overall F value was significant for an interaction to determine which pairwise comparisons accounted for the significant overall F value. Criterion level for all statistical tests was P < .05. Maintaining the criterion level of post hoc t tests at the .05 level does not increase the probability of committing a type I error and increases power when the sample size is small. 31 
Results
Subject characteristics for the control and experimental groups, including age, height, weight, and gender, are summarized in Table 1 . Normality of distribution and heterogeneity of variance of passive ankle dorsiflexion, maximum ankle dorsiflexion, and knee extension during gait were verified by a Shapiro-Wilk test and a Levene test, respectively. Initially, EMG data exhibited nonnormal distributions using the Shapiro-Wilk test (positively skewed). These data were log transformed and normality was then verified using a Shapiro-Wilk test. Independent t tests and chi-square analyses showed no significant differences between the control and experimental subjects for age, height, weight, or gender. Pretest and posttest range of motion for the control and experimental groups are summarized in Table 2 . Independent t tests showed no difference between subjects in the control and experimental groups at pretest for ankle-dorsiflexion range of motion (P > .05). Pretest and posttest maximum ankle-dorsiflexion and knee-extension angles are summarized in Table 3 . All subjects in the experimental group met the criteria for compliance with the stretching program. ICC 3,3 s for intrarater reliability ranged from .80 to .99 for all range-of-motion and limb-length measurements. ICC 3,3 s for interrater reliability for all range-ofmotion and limb-length measurements ranged from .87 to 1.00. The ICC 3,4 for interrater reliability for time to heel-off was .75. ICC 3,2 s for test-retest reliability of peak MG and LG EMG amplitude during the 2 heel raises at pretest and posttest ranged from .84 to .96. Two-way ANOVA of log-normalized average MG and LG EMG amplitude between heel strike and heel-off revealed no significant main effect for group or time and no significant interaction (P > .05). Means and confidence intervals (95%) of MG and LG EMG amplitude are reported as percentage of standardized voluntary isometric contraction in Table 4 , because statistical analysis of EMG data was conducted on the natural log of the data, rendering values difficult to interpret. Two-way ANOVA showed no significant differences in group or time for either maximum ankle dorsiflexion or maximum knee extension during gait (P > .05). The 3-way ANOVA demonstrated a significant time-by-group interaction (P < .05) for passive ankle-dorsiflexion range of motion. Independent t tests showed that at posttest the experimental group had significantly greater ankledorsiflexion range of motion than the control group on both the right and left sides (P < .05).
Discussion
A 3-week gastrocnemius-muscle-stretching program increased passive ankledorsiflexion range of motion, but the increase in passive dorsiflexion was not related to a change in ankle dorsiflexion, knee extension, or gastrocnemius mean EMG amplitude between heel strike and heel-off. The increase in passive dorsiflexion is consistent with previous studies that reported that gastrocnemiusstretching exercises increased passive ankle dorsiflexion. [15] [16] [17] 32, 33 However, previous studies that investigated the effect of gastrocnemius stretching on ankledorsiflexion range of motion during gait are mixed. Our previous study showed that subjects with less than 8° of passive ankle dorsiflexion did not increase ankle dorsiflexion during the stance phase of ambulation after a stretching protocol that increased passive dorsiflexion. 15 Conversely, Selby-Silverstein et al 33 in a single case study demonstrated concomitant increases in passive ankle dorsiflexion and ankle dorsiflexion during the stance phase of ambulation after gastrocnemius stretching. The subject in their study exhibited -20.0° of passive dorsiflexion, which increased to 5.0° after a stretching program. The experimental group in our previous study averaged 3.4° of passive dorsiflexion, which increased to an average of 7.8° after stretching. In this current study, the experimental group averaged 1.2° passive ankle dorsiflexion that increased to an average of 6.9° after gastrocnemius stretching. Thus, the greater initial limitation of the subject of Selby-Silverstein et al may account for the increase seen during ambulation after gastrocnemius stretching. Our subjects' passive ankle-dorsiflexion range of motion may have been adequate for anterior tibial progression during the stance phase of ambulation. 3, 34 Cornwall and McPoil 3 showed that subjects with no more than 10° of passive ankle dorsiflexion did not dorsiflex more during ambulation than subjects with more than 15° of passive ankle dorsiflexion. Jordan et al 34 studied normal subjects and demonstrated that the average ankle dorsiflexion at heeloff was 4.0°.
Differing gait speed may account for some variability in the amount of dorsiflexion required for normal ambulation. Because increasing gait velocity is associated with increased joint angles and muscle activity, 12 increased passive ankle dorsiflexion may result in greater dorsiflexion when walking at higher velocities than those of our subjects, who self-selected their pace. It is also possible that stretching only affects ankle angle, knee angle, and EMG activity for activities performed at velocities higher than that of ambulation, such as running or jumping.
Increased flexibility of the gastrocnemius muscle allows increased dorsiflexion at the talocrural joint. 14 However, pronation of the subtalar joint allows dorsiflexion to occur at the midtarsal joint. 14, 33 Our measurement technique for passive ankle dorsiflexion controlled subtalar pronation, and therefore dorsiflexion, at the midtarsal joint. 35 However, the marker system used to measure ankle dorsiflexion during gait could not distinguish dorsiflexion at the talocrural joint from dorsiflexion at the midtarsal joint. Stretching the gastrocnemius could have resulted in more dorsiflexion at the talocrural joint and less at the midtarsal joint, without increasing the maximum values of ankle dorsiflexion measured during gait.
The mechanism underlying an increase in joint range of motion resulting from stretching may also explain the results of this study. First, maximum ankle dorsiflexion did not change during gait after stretching, which is consistent with our previous findings. 15 Because the gastrocnemius is a 2-joint muscle, we assessed the maximum knee angle in this study and found that maximum knee extension also did not change. Although chronic or prolonged stretching in animal studies clearly demonstrates changes in both the contractile 36, 37 and passive 38 elements of skeletal muscle, similar changes after static stretching in human muscle have not been as clearly demonstrated. 39 Some studies of static stretching of the human hamstring muscle demonstrated an increase in joint range of motion without a concomitant decrease in stiffness or EMG activity of the stretched hamstring muscle. [21] [22] [23] These findings suggest a central nervous system mechanism to explain the increase in joint range of motion after static stretching, rather than peripheral changes in the contractile and passive elements of skeletal muscle. Increased tolerance to stretching is one proposed central mechanism to explain why range of motion increases after static stretching. [21] [22] [23] 39 Although previous studies have shown that EMG activity of the gastrocnemius increases at the end of subjects' tolerance to stretch, 19, 20 those studies used controlled non-weightbearing protocols, and subjects were unable to adjust foot placement, step length, or any number of other factors that our subjects could have adjusted during gait in this study. Our subjects may have shown no change in gastrocnemius muscle activity after stretching because any intolerance to maximum ankle dorsiflexion before heel-off might be alleviated by compensations during gait. Potential compensations including increased foot-progression angle and abnormal pronation at the subtalar and midtarsal joints 14 may not have resolved after stretching.
Limitations of this study include the small number of subjects, resulting in low statistical power. The investigators measuring ankle-dorsiflexion range of motion and gait variables at pretest and posttest were not blinded to group, which may have biased the results. Another limitation is that self-selected walking speed may have confounded the results, because gait speed is expected to influence joint angles and muscle-activation levels. However, we compared stance time between pretest and posttest sessions and between experimental and control groups and found no significant difference (P > .05), so walking speed was unlikely to have been a major factor in this study. Changes that may have occurred in soleus muscle EMG activity went unmeasured. Finally, not all EMG parameters of the MG and LG were measured, so it is possible that there were changes in other EMG parameters between the groups, such as onset or duration of activity.
Recommendations for future research include assessment of ankle and knee joint angles and EMG changes during higher velocity activities such as running or jumping after gastrocnemius stretching. Future studies might include measuring soleus muscle activity during gait after participation in a stretching program. Our subject-inclusion criteria included a limitation in ankle-dorsiflexion range of motion with the knee extended less than or equal to 5° of passive ankle dorsiflexion with the ankle in anatomical zero. Future investigations may study subjects with greater limitations in ankle-dorsiflexion range of motion.
Conclusions
A gastrocnemius-stretching program does not affect ankle dorsiflexion, knee extension, or gastrocnemius muscle during gait in subjects with limited ankledorsiflexion range of motion. Any potential changes in tendon length, musclefiber length, or tolerance to stretch after a stretching program that increased passive range of motion were not reflected in changes in ankle or knee joint angles or gastrocnemius muscle activity during gait. Additional research is needed to better understand the effects of stretching exercises on joint range of motion and muscle activation during gait. Investigation into the mechanisms by which gastrocnemius stretching affects lower extremity kinematic and kinetic parameters may provide insight into particular clinical problems that might be prevented or treated with a stretching program.
